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Abstract 

Darunavir/ritonavir monotherapy maintains HIV suppression in most patients who have achieved an undetectable viral 
load on combination antiretroviral treatment, and is increasingly used in the clinic. However, concerns have been raised 
about the effectiveness of ritonavir-boosted protease inhibitor (Pl/r) monotherapy in the prevention of HIV replication in 
the central nervous system (CNS). Here we report the cases of 2 patients on darunavir/r maintenance monotherapy with 
cerebrospinal fluid viral breakthrough together with increased immunoactivation and biomarker signs of neuronal injury. 
These 2 cases raise concerns about the effectiveness of darunavir/ritonavir monotherapy in HIV CNS infection. Thus, we 
recommend caution with protease inhibitor monotherapy until CNS results have been obtained from clinical studies. 
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Introduction 

Infection of cells in the central nervous system (CNS) 
is a general aspect of systemic human immunodefi- 
ciency virus (HIV) infection. While combination 
antiretroviral therapy (cART) has effectively reduced 
the more severe neurological complications of HIV 
infection, milder forms of cognitive impairment are 
often still present in treated subjects [1,2], although 
the real prevalence is the subject of debate [3] . The 
traditionally used treatment regimens containing 2 
nucleoside reverse transcriptase inhibitors (NRTI) 
together with either a non-nucleoside reverse tran- 
scriptase inhibitor (NNRTI) or a ritonavir-boosted 
protease inhibitor (Pl/r) most often have good effects 
in the CNS, with a suppressive effect on the cerebro- 
spinal fluid (CSF) viral load, intrathecal immuno- 
activation, and markers of brain damage [4-6] . 

Switching to Pl/r monotherapy after achieving 
HIV RNA suppression by traditional cART has been 
demonstrated to have high efficacy for maintaining 
viral suppression in the blood [7,8]. Pl/r monother- 
apy, mainly ritonavir-boosted darunavir (DRV/r), is 



increasingly used as maintenance therapy in parts of 
Europe. The main reasons for this are to avoid NRTI 
toxicity and to reduce treatment costs [9]. In the 
latest European AIDS Clinical Society (EACS) 
guidelines, Pl/r monotherapy is considered an option 
in patients with intolerance to NRTI or for treatment 
simplification in patients without a history of failure 
on prior Pi-based therapy and who have been virologi- 
cally suppressed for at least 6 months (http://www. 
europeanaidsclinicalsociety.org/images/stories/ 
EACS-Pdf/eacsguidelines-v6_english.pdf)) . Concerns 
about the efficacy of Pl/r monotherapy in prevent- 
ing HIV replication in the CNS have, however, been 
raised. 

Here we report 2 subjects on DRV/r monother- 
apy with CSF viral breakthrough together with 
increased CNS immunoactivation and signs of neu- 
ronal damage. Both were part of an ongoing prospec- 
tive research cohort, currently containing more than 
1500 CSF samples from more than 400 HIV-infected 
subjects, and the only subjects in the cohort on 
DRV/r monotherapy maintenance therapy. The study 
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was approved by the regional ethics review board of 
Gothenburg and patients have provided informed 
consent for participation. 



Case reports 

Case 1 

The first case is that of a black woman born in 1985 
and diagnosed with HIV during pregnancy in 2007. 
Her CD4 count was 170 cells/jal at diagnosis and she 
started treatment in May 2007 with zidovudine (ZDV), 
lamivudine (3TC), and lopinavir/ritonavir (LPV/r). 
The plasma HIV RNA level (Taqman, Roche) 
decreased from 82,400 to < 20 copies/ml after approx- 
imately 3 months of treatment and remained unde- 
tectable thereafter (Figure 1). In April 2009 her 
treatment regimen was changed to abacavir (ABC), 
3TC, and DRV/r 800/100 mg once daily. ABC and 
3TC were stopped in August 2009 because of a rash 
and she continued with DRV/r as monotherapy. The 
rash was mild and probably not associated with 
ABC-induced hypersensitivity syndrome; she does 
not carry the HLA-B*5701 allele. A lumbar puncture 
was performed as part of the study protocol approx- 
imately 4 months later and showed a viral load of 
119 copies/ml in blood and 709 copies/ml in CSF. At 
the same time she had an increased CSF lymphocyte 



count (30 cells/jil, normal < 3) and increased CSF 
beta-2 microglobulin (2.6 mg/1, normal < 1.2; neph- 
elometry) and CSF neopterin (40.5 nmol/1, nor- 
mal<5.8; ELISA/RIA BRAHMS) as markers of 
macrophage/microglial activation [4]. Furthermore, 
we found an increased CSF concentration of the light 
subunit of neurofilament (NFL), a sensitive marker 
of axonal damage (600 ng/1, normal < 380, age- 
related; ELISA, UmanDiagnostics) [10]. No primary 
resistance mutations were found on sequencing of the 
virus from plasma or CSF. Subsequently, tenofovir 
(TDF) and emtricitabine (FTC) were added to 
DRV/r and her plasma viral load decreased to < 20 
copies/ml again within 1 month. Another lumbar 
puncture was performed 4 months later and at that 
time her CSF viral load had decreased to 56 copies/ 
ml. The CSF beta-2 microglobulin had decreased 
to 1.6 mg/1, CSF neopterin concentration to 6.9 
nmol/1, and CSF NFL had normalized (360 ng/1). 
She did not experience any neurological or cognitive 
symptoms during this time period or after, but no 
neuropsychological testing was done. 

Case 2 

The second case is that of a Caucasian man born in 
1961 who was diagnosed with HIV in 2001 when 
presenting with a peripheral facial palsy; he recovered 
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Figure l.Two cases of CSF escape during darunavir/r monotherapy (period shaded). Upper panels show cerebrospinal fluid (CSF) and 
plasma (P) HIV RNA together with treatment history; time 0 represents first initiation of antiretroviral treatment; dotted lines correspond 
to 50 copies/ml. Lower panels show CSF neopterin and neurofilament light protein (NFL) concentrations; dotted lines represent upper 
normal limits. 
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fully from the palsy within 5 months. His CD4 count 
decreased from 390 to 160 cells/jil within the first 3 
y and he started cART in 2004 with ZDV, 3TC, and 
LPV/r. In 2009 he participated in a treatment inten- 
sification study [11] and received in addition to his 
other cART ,4 weeks enfuvirtide and 4 weeks mara- 
viroc, followed by his previous treatment regimen. 
Because of side effects, he changed treatment in 
August 2009 to ABC, 3TC, and DRV/r. In Novem- 
ber 20 1 0 he simplified his treatment to DRV/r mono- 
therapy 800/100 mg once daily. His plasma viral load 
remained below 50 copies/ml from when he was first 
suppressed in May 2005 throughout his entire treat- 
ment history, and his CD4 count increased to 790 
cells/jo.1. Lumbar punctures were performed in total 
15 times in the prospective study, including 2 per- 
formed before treatment initiation (Figure 1). All 1 1 
CSF samples taken during the period on cART 
showed a CSF viral load < 50 copies/ml. Thereafter, 
lumbar punctures were performed after 3 and 12 
months of DRV/r monotherapy; at the second time 
point the viral load had increased to 478 copies/ml 
in CSF, while it was 46 copies/ml in plasma. There 
were also signs of increased intrathecal immunoacti- 
vation with elevated CSF lymphocyte count (17 
cells/jj.1), CSF beta-2 microglobulin (1.6 mg/1), and 
CSF neopterin (9.4 nmol/1). Furthermore, we found 
an increased CSF NFL concentration (1530 ng/1, 
normal < 890, age-related), but while the increased 
CSF viral load and intrathecal immunoactivation 
developed first after switching to DRV/r monother- 
apy, increased NFL had also been present before. No 
symptoms or complaints arose and he remained nor- 
mal on neuropsychological testing by CogState 
(detection, identification, 1 card learning, 1 back 
speed, 1 back accuracy) [12] when examined before 
and 12 months after changing to DRV/r monother- 
apy. No primary resistance mutations were found in 
blood or CSF. 

He was reintroduced to ABC, 3TC, and DRV/r, 
and the plasma viral load decreased to < 20 copies/ml 
within 1 month. A lumbar puncture was performed 
after 3 months and his CSF viral load had decreased 
to < 20 copies/ml again. CSF neopterin was not ana- 
lyzed at that time, but both beta-2 microglobulin (1 .4 
mg/1) and the CSF lymphocyte count (< 3 cells/jil) 
had decreased. However, the CSF NFL concentra- 
tion continued to be increased (2410 ng/1). 

Discussion 

Pl/r monotherapy maintenance regimens, mainly with 
DRV/r, are increasingly being used in parts of the 
world, and its effect on the systemic infection has been 
shown to be satisfactory. However, the 2 cases pre- 
sented here raise concerns about the effects of DRV/r 



monotherapy on HIV CNS infection. In the MONOI 
study, 2 patients who were virologically suppressed in 
plasma developed mild neurological symptoms, and 
when a lumbar puncture was done they were both 
found to have CSF escape (330 and 580 copies/ml) 
[8] . Together, these cases suggest that DRV/r mono- 
therapy should be used with caution until the results 
of studies on CSF are available. Concerns have also 
been raised regarding monotherapy with other Pis, i.e. 
atazanavir/r and lopinavir/r [13,14]. 

As well as viral CSF breakthrough and intrathecal 
immunoactivation with pleocytosis and increased 
markers of macrophage/microglial activation (beta-2 
microglobulin and neopterin), signs of neuronal dam- 
age with increased CSF NFL levels were found in 
both our subjects. As a comparison, increased CSF 
NFL was found in only 1 out of 38 samples drawn 
from 21 subjects on cART that included DRV/r in 
our research cohort (data not shown). It has to be 
noted that in one of the reported cases, NFL was 
already increased before switching to DRV/r mono- 
therapy and also continued to be increased after the 
reintroduction of ABC/3TC. The reason for this is 
unknown and increased CSF NFL concentrations 
could not be ascribed to the DRV/r monotherapy in 
this subject. 

NFL is a very sensitive marker of neuronal destruc- 
tion and increased levels can, for example, be found 
in various types of dementia, cerebrovascular disease, 
and in a variety of neurodegenerative disorders [10]. 
Increased CSF NFL levels are also consistently found 
in HIV-associated dementia, often in very high con- 
centrations [15]. We have also found CSF NFL to be 
a good predictive marker with increased concentra- 
tions in asymptomatic patients who subsequently 
develop HIV-associated dementia [16]. 

Despite ongoing brain injury, none of the subjects 
in this report developed any neurological symptoms. 
However, both were closely followed and changed 
their treatment to include NRTIs; we do not know 
what would have happened if they had continued on 
DRV/r monotherapy. Several cases on effective cART 
who have developed neurological symptoms and who 
have been shown to have concomitant CSF escape 
have recently been reported [17]; many of these 
patients were on atypical or incomplete ART regi- 
mens when they became neurosymptomatic and were 
discovered to have CSF/plasma discordance. An 
increased CSF viral load can also be found in approx- 
imately 10% of virologically suppressed neurologi- 
cally asymptomatic patients with more conventional 
antiretroviral regimens [18] . However, CSF HrV RNA 
in such cases is only slightly increased (< 200 copies/ 
ml) and might represent CSF viral 'blips'. 

It is intriguing that the only 2 cases on DRV/r 
monotherapy that we examined both had CSF viral 
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breakthrough and increased intrathecal immunoacti- 
vation.The longitudinal progress of CSF viral break- 
through is not known, nor are the potential clinical 
consequences. Until better studied, we suggest caution 
in using Pl/r monotherapy and other experimental 
ART combinations outside clinical studies. 
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